Absorption spectra of these intermediates were identified and their reaction mechanisms were established.
Recently, investigations of the photodynamic ef fects of thiopyronine, as a photosensitizer, on various systems have been reported by several authors 1_5.
Flash photolytic study of thiopyronine with the structure similar to the well known photosensitizer methylene blue was undertaken in order to obtain direct insight and basic information into the reac tion mechanisms of dye sensitized photodegradation of base components of nucleic acid.
The sample solutions, which were in a 10-cm long and 0.7-cm inner diameter glass cell with quartz windows on both ends, were flashed with 15-/zsec half-duration time xenon-filled flash lamps fired 4-/^F capacitor charged to 10-kv.
An argon filled capillary flash lamp for spectrophotography was fired with 10-//F at 3-kv.
Thiopyronine was synthesized according to the method described by B i e h r in g e r and T o p a l o f f 6. The check of the purity was made by paper chro matography. Molar extinction coefficient at 564 nm was 7.4 x 104 M~1 cm-1 .
The transient absorption spectrum of the deaerated phosphate buffered solution is shown in Fig. 1 .
It will be easily seen from Fig. 1 that the spectra must be divided into at least two categories from kinetic behaviour. One will be temporarily denoted by S which has shorter life time and includes peaks at 340, 370, 400, 440, 470 -480 , and 690 nm and the other L which increases in intensity at just be ginning and then decays with longer life.
The decay of S band was measured at 340, 375 and 690 nm, which shewed apparent first order pro cess and gave the same rate constant for these peaks. This result shows that S band with several peaks attributes to a single species, the triplet state of the dye with little ambiguity.
The result of SCF-MO-CI calculation of triplettriplet transition energies of the dye in the closed shell frame-work strongly supports this proposi tion 7. See the When the initial dye concentration is increased, the decay constant o f S changes with it, that is, the decay process is not really pure first order one. The observed rate constants show linear dependence on the initial dye concentration. This implies the exsistence o f the interaction between a thiopyronine molecule in the triplet state (D 4) and another dye molecule in the triplet state or in the ground state (D ). The linear dependence on the initial dye con centration can be understood on the assumption that the rate constants for D l -D4 and -D inter actions are the same. This assumption is strongly supported from the effect of flash light intensity on the rate constant. That is, even when the dye was fully converted into the triplet state, the same rate constant was obtained as in the case of partial con version. From the dependency of the rate constant on the initial dye concentration, one can obtain 2.36 x 103 sec-1 for unimolecular triplet decay rate constant and 7.69 x 108 M _1 sec-1 for the D 1 -Dl and Dl -D bimolecular interaction rate constants.
The decay analysis of the intermediate L could not be precisely made on account o f spectral inter ference of D' .
The analysis of L at 425 nm, however, approxi mately gave a second order rate constant ~ 109 M -1 sec-1 using 104M _ 1 cm_1 as molar extinction coefficient at 425 nm.
On the other hand, the decay analysis at 475 nm gave a first order plot and 3.22X 103sec-1 for the rate constant. This means that the intermediate L must be further subdivided into two different species from these different kinetic behaviours. In order to characterize these intermediates, the solutions con taining some reducing or oxidizing agents were flashed. In the presence of potassium persulfate, transient absorption spectrum was appeared in the wave length region 440 -510 nm (A band) which has two peaks at 480 and 500 nm as is shown in Fig. 2 . When the deaerated solution containing p-benzoquinone as an oxidant was flashed, the ab sorption band of p-benzosemiquinone ion as well as A band around 500 nm were observed.
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Wavenumber (* W3 cm -J) On the other hand, in addition of 5 X 10~3 M ED TA, there appeared only a transient absorption band with the 426 nm peak (B band) as is shown in Fig. 2 , which decayed according to the second order rate formula and gave 109M _ 1 sec_1 for rate constant. In the presence of 5 x 10-4 M p-benzohydroquinone as a reductant, transient absorption spectrum of p-benzosemiquinone ion and B band with 426 nm peak were appeared in superposition. In both the systems containing these reductants, transient band A around 450 -500 nm completely vanished. From these spectro-kinetic studies, transient absorption band A is assigned to the half oxidized form of the dye and band B to the halfreduced form or semiquinone.
However, when the solution containing allylthiourea, ATU , were flashed, both of the transient ab sorption bands A and B were observed. Band A was rapidly disappeared and B survived. This situation may be interpreted postulating that dye -dye inter action to produce the half-oxidized form and the semiquinone predominates over the interaction be tween the dye in the triplet state and A TU .
Summerizing these results, the primary photoreaction of thiopyronine without any substrate is described as follows where D, D *, D4, Red, Oxd, Leuco, and X indicate the dye in the ground state, the lowest excited singlet state, the lowest triplet state, semiquinone, half-oxidized form, leuco form, and unknown oxi dized form, respectively
Because the net photobleadiing of the dye does not exceed 1% of the original dye concentration, the almost all of leuco dye and X will return to D, of which mechanisms are not known in certainty.
In the presence of substrates, the direct reactions between dye molecule in the triplet state and sub 
strates enter into competition with the processes described above.
However, in the case of A TU , the direct attack o f A T U on a triplet dye molecule is less important for the photoreduction. On the contrary, A T U plays a role of a reductant mainly in the reaction with the half-oxidized dye;
Oxd + ATU -* D + ATUoxd kl3 2 -7 x 10« M " 1 sec" 1
where A T U oxd is a half-oxidized form of A TU .
As has been shown, the photochemical behaviour of thiopyronine is very similar to that of methylene blue previously reported 9.
The ability of photosensitizing dye on photo dynamic action has been discussed by L i n d q v i s t in connection with the photochemical redox-reversibility 10-12.
This study also seems to assure his proposition. The high efficiency of thiopyronine in the various photodynamic processes may be attributed to the high quantum yield of the triplet state production8 and the photochemical redox-reversibility of the dye.
The details of this investigation will be published elsewhere.
